Controlling postprandial blood glucose levels can prevent and improve lifestyle-related diseases. We aimed to evaluate the effects of a commercially available vegetable juice, which is a convenient alternative to vegetables, on postprandial glucose elevation. In test 1, we confirmed the appropriate timing to consume the vegetable juice (200 mL), and demonstrated that postprandial glucose elevation was attenuated by drinking the vegetable juice with or before the experimental meal. The change in maximum concentration (ΔCmax) of blood glucose was the lowest when the vegetable juice was consumed at 30 min before the meal. In test 2, we confirmed the necessary ingestion volumes of vegetable juice (range: 68.5 -274 mL) for attenuating the response to 50 g of carbohydrates. After drinking 200 mL of vegetable juice, the ΔCmax and incremental area under the curve values for blood glucose were significantly lower than those for after drinking the same volume of water (p < 0.05). However, a greater volume of vegetable juice did not provide an additive effect. Our results suggest that approximately 200 mL of vegetable juice at 30 min before meals is the most effective method for using vegetable juice to suppress postprandial blood glucose elevation. Stimulation of insulin secretion due to the pre-meal vegetable juice intake may contribute to this effect, although further studies are needed to identify the detailed mechanism for the attenuation.
Introduction
Diabetes is a major non-communicable disease that is caused by impaired insulin production. The number of patients with diabetes has been rapidly increasing worldwide, and it is expected to surpass 439 million adults by 2030 [1] . Moreover, extensive studies have indicated that uncontrolled diabetes may cause serious complications, such as cardiovascular disease, neuropathy, nephropathy, and retinopathy [2] - [6] . Therefore, diabetes prevention is an important public health concern.
The development of diabetes is highly correlated with lifestyle and diet, and poor control of postprandial blood glucose levels is thought to result in elevated fasting blood glucose levels and worsened diabetic status [7] . Moreover, rapid increases in postprandial blood glucose levels are considered a risk factor for obesity and cardiovascular disease [8] - [10] . Therefore, controlling postprandial blood glucose levels may be used to prevent and improve diabetes and other lifestyle-related diseases. Thankfully, a proper diet can control postprandial blood glucose levels and prevent the development of diabetes and its complications. Previous studies revealed that the consumption of high-Glycemic Index (GI) foods, which produce a relatively large increase in postprandial blood glucose levels, was a risk factor for lifestyle-related diseases, such as obesity, diabetes, and cardiovascular diseases [11] - [14] . Moreover, a large body of evidence indicates that the consumption of low-GI foods can significantly improve metabolic disorders [15] - [17] .
In this context, vegetables contain large amounts of dietary fiber and are considered low-GI foods. Furthermore, it has recently been reported that eating a vegetable salad (which contains cabbage, tomato, and other vegetables) before consuming carbohydrates can suppress postprandial blood glucose elevation [18] - [20] . The main mechanism for this effect is thought to be the vegetables' dietary fiber inhibiting the absorption of carbohydrates.
Although several studies have demonstrated that vegetable salads can exert beneficial effects on postprandial blood glucose elevation, there are no reports regarding the same effect being elicited by processed food products that are made from vegetables. Nevertheless, drinking vegetable juice is one of the most convenient alternatives to eating vegetables. Thus, if vegetable juice consumption also suppresses postprandial blood glucose elevation, it would be simpler to control postprandial blood glucose levels in daily life. Therefore, we evaluated the effects of a commercially available vegetable juice on postprandial blood glucose elevation in healthy young adults.
Materials and Methods

Vegetable Juice and Experimental Meal
This study used a commercially available mixed vegetable juice that is named "Kagome Yasai-ichinichikoreippon" (KAGOME CO., LTD. Nagoya, Japan). This juice consists of various vegetables (tomato, carrot, petit vert, kale, red bell pepper, spinach, nalta jute, broccoli, lettuce, celery, ginger, violet cabbage, red perilla, mugwort, bok-choy, cauliflower, watercress, parsley, pumpkin, asparagus, onion, beetroot, white radish, komatsuna, purple sweet potato, Angelica keiskei [ashitaba], Chinese cabbage, eggplant, green peas, and burdock). The nutrient information for the vegetable juice is shown in Table 1 . The experimental meal was commercially available pre-packaged cooked rice (Sato Foods Industries Co., Ltd., Komaki, Japan), which was heated before each experiment and portioned to provide the appropriate quantity of total available carbohydrates for each test.
Participants and Design
The study was divided in two tests, with Test 1 confirming the appropriate timing for drinking the vegetable juice and Test 2 determining the necessary volume of the juice. The study protocols were approved by the Ethics Committee of Josai University and KAGOME CO., LTD. and were performed in accordance with the International Ethical Guidelines and the Declaration of Helsinki. All participants provided their written informed consent to participate in the study.
For each test, we enrolled men and women who were >20 years old, did not exhibit abnormal glucose tolerance during the medical check-ups for the previous year, and were not receiving drug therapy. The women did not undergo testing during their menstrual periods. The participants' baseline characteristics according to test are shown in Table 2 .
In Test 1, six experiments were randomly assigned to 8 subjects, which evaluated the response to different amounts of rice and/or different intake times for the vegetable juice ( Table 3) . Two groups not drinking the The starting time of consuming the rice was defined as 0 min. VJ: vegetable juice; CHO: carbohydrates.
vegetable juice were named using "Rice" and a number to indicate the grams of administered rice. Four groups drinking the vegetable juice were named using "VJ" and a number to indicate the time of vegetable juice administration before consuming 106 g of rice. The total amount of available carbohydrates was set to 50 g in all groups, except for in the Rice 106 group (35.4 g). The nutrient components of the test meals for each group are shown in Table 4 . Blood samples were taken from the fingertip using a self-administered puncture device. All groups underwent blood sampling at 8 times: immediately before eating the rice or drinking the vegetable juice (0 min) and then 15 min, 30 min, 45 min, 60 min, 90 min, 120 min, and 180 min after eating the rice. The −15 VJ, −30 VJ, and −60 VJ groups underwent one or two additional blood samplings before eating the rice ( Table  3) . Immediately after each sampling, the blood glucose levels were measured using a self-administered blood glucose measuring device (Glutest Neo alpha ® ; Sanwa Kagaku Kenkyusho Co. Ltd., Aichi, Japan). In the Rice 150 and −30 VJ groups, approximately 100 µL of extra blood were collected using a capillary tube to measure the plasma insulin concentrations. Plasma was obtained using centrifugation (2610 × g, 4˚C, 5 min) and kept in a −80˚C freezer until testing. The plasma insulin concentrations were measured using a commercially available kit (YK060 Insulin ELISA kit ® ; Yanaihara Institute Inc., Shizuoka, Japan). In test 2, five experiments were randomly assigned to 10 subjects, which evaluated the response to different amounts of rice and/or different intake volume for the vegetable juice ( Table 3) . Four groups drinking the vegetable juice were named using "CHO" and a number to indicate the grams of carbohydrate that were administered from the vegetable juice 30 min before consuming 106 g of rice. The total amount of available carbohydrates was set at 50 g in all groups, and the nutrient components of the test meal for each group are shown in Table 4 . Blood samples were taken 9 times during all experiments: immediately before drinking the vegetable juice (−30 min) and then 0 min, 15 min, 30 min, 45 min, 60 min, 90 min, 120 min, and 180 min after eating the rice. Immediately after each sampling, blood glucose levels were measured as mentioned in the previous paragraph. Each experiment was performed approximately 1 week apart, and was conducted at the same time in the morning. The day before the experiment, the participants were asked to not consume any foods or drinks (other than water) after 9:00 PM, and the vegetable juice and rice were served after an overnight fast. The vegetable juice was ingested immediately (within 1 min) and the rice was consumed within 5 min. In addition to the test meals, 200 mL of water or hot water was served, and the participants were allowed to drink the water ad libitum during each experiment.
Statistical Analysis
Blood glucose and plasma insulin levels were recorded for each subject, and were used to calculate the Δblood glucose and Δinsulin levels by subtracting the level from before the first meal (vegetable juice or cooked rice).
The maximum values for the Δblood glucose and Δinsulin levels were defined as the Δmaximum concentrations (ΔC max ). The incremental areas under the curves (IAUC) were calculated based on the changes in the Δblood glucose and Δinsulin levels. All statistical calculations were performed using Statcel2 software (OMS Publishing Inc., Saitama, Japan), and differences with a p-value of <0.05 were considered statistically significant. The results from the Δblood glucose were assessed using Dunnett's test, and the results from the analyses of and Δinsulin analyses were assessed using the paired t-test. 
Results
Test 1: The Effects of Vegetable Juice Intake Timing on Postprandial Blood Glucose and Plasma Insulin Levels
The time-dependent changes in Δblood glucose levels for each group are shown in Figure 1 . The Rice 150 group exhibited an immediate increase after eating the rice, reached a peak at 45 min, and then decreased. The Rice 106 group exhibited lower Δblood glucose levels, compared to the Rice 150 group, but the differences at each time point were not statistically significant. The 0 VJ group exhibited essentially the same Δblood glucose levels up to 30 min, compared to the Rice 150 group, but the value at 60 min was significantly lower. The Δblood glucose levels in the −15 VJ, −30 VJ, −60 VJ groups increased after drinking the vegetable juice, but the Δblood glucose levels in those groups after eating the rice tended to be lower than the corresponding values in the Rice 150 group. The −15 VJ group exhibited lower Δblood glucose levels at 30 min, 45 min, and 60 min; the −30 VJ group exhibited lower Δblood glucose levels at 30 min and 45min; and the −60 VJ group exhibited lower Δblood glucose levels at 30 min. The ΔC max values for blood glucose in the −15 VJ, −30 VJ, and −60 VJ groups were significantly lower than those in the Rice 150 group ( Table 5 ). The IAUC values for blood glucose in the 0 VJ, −15 VJ, −30 VJ, and −60 VJ groups tended to be smaller than those in the Rice 150 group, although the differences were not statistically significant ( Table 5 ). Figure 2 . The Δinsulin levels in the Rice 150 group increased after consuming the rice and reached a peak at 30 min. The Δinsulin levels in the −30 VJ group were elevated after the vegetable juice intake, neared the peak at 0 min, reached the peak at 30 min, and subsequently decreased more quickly than those in the Rice 150 group. The values for plasma insulin ΔC max and IAUC were not significantly different between the groups ( Table 6 ).
Test 2: The Effects of Vegetable Juice Ingestion Volume on Postprandial Blood Glucose Levels
The time-dependent changes in blood glucose levels for each group are shown in Figure 3 . The results in the Rice 150 group were almost identical to the results from Test 1. There were no statistically significant differences when we compared the changes of Δblood glucose levels in the carbohydrate (CHO) 5 and CHO 10 groups to those in the Rice 150 group. The Δblood glucose levels in the CHO 15 and CHO 20 groups were lower than those in the Rice 150 group at 30 min, 45 min, 60 min, and 120 min. The ΔC max value in the CHO 15 group was significantly lower than that in the Rice 150 group ( Table 7) . The IAUC values in the CHO 15 and CHO 20 groups were significantly lower than that in the Rice 150 group ( Table 7 ). 
Discussion
In the present study, we evaluated the effects of vegetable juice consumption on postprandial blood glucose elevation. In Test 1, we examined the effects of intake timing, and the results revealed that drinking the vegetable juice before or with a meal attenuated the postprandial blood glucose levels when the total amount of available carbohydrates was set at 50 g. More interestingly, the ΔC max and IAUC values for blood glucose in the groups that drank the vegetable juice tended to be rather lower than those in the Rice 106 group, despite the total amount of available carbohydrates (50 g) being approximately 1.4-fold larger than that in the Rice 106 group (35.4 g). These results suggest that the effects of vegetable juice can be expected not only in the case of removing carbohydrates corresponding to vegetable juice from the meal but also in the case of simply adding vegetable juice to the meal. Postprandial blood glucose levels can become elevated due to poor secretions of insulin and incretin hormones, such as Glucagon-Like Peptide 1 (GLP-1) and Glucose-dependent Insulinotropic Polypeptide (GIP) [21] - [23] . The vegetable juice that we used contains saccharides that are derived from vegetables, (e.g., glucose, sucrose, and fructose), and these saccharides stimulate the secretion of insulin, GLP-1, and GIP [24] [25] . In Test 1, insulin secretion was stimulated by drinking the vegetable juice at 30 min before eating the rice, and we observed that the plasma insulin levels had nearly peaked at the time of eating the rice. Interestingly, the blood glucose levels exhibited very little increase after eating the rice. Therefore, it appears that the pre-meal drinking of the vegetable juice stimulated insulin secretion, and that the resulting serum insulin levels were sufficient to attenuate the postprandial blood glucose elevation. Based on this result, it appears that vegetable juice consumption may have a unique mechanism for suppressing postprandial blood glucose elevation, compared to the mechanism for vegetable salad consumption, as vegetable salads do not stimulate insulin secretion [18] - [20] .
In Test 2, 200 mL of vegetable juice was the most effective volume for suppressing postprandial blood glucose elevation, and larger volumes of vegetable juice did not provide an additive effect. In this context, increases in the levels of blood glucose and insulin are affected by the types and amounts of carbohydrates [26] [27] . Furthermore, the saccharides in vegetable juice primarily consist of sucrose, glucose, and fructose, while the primary carbohydrate in rice is starch. Although the total amount of available carbohydrates was standardized at 50 g in test 2, the sources and components of the available carbohydrates were different among the different groups. These differences may partially explain the differences in the suppression of postprandial blood glucose elevation after consuming different volumes of the vegetable juice.
Previous studies have reported that eating a vegetable salad before consuming carbohydrates attenuated the postprandial increase in blood glucose levels [18] - [20] . The mechanism for this attenuation may be related to various mechanisms: 1) dietary fibers in the vegetables slowing the rate of gastric emptying, 2) vinegar (acetic acid) in a dressing slowing the rate of gastric emptying, and/or 3) the high quantity of monounsaturated fatty [19] . However, the vegetable juice that we used in the present study contained 1.9 g of dietary fiber per 200 mL, which is more dietary fiber that from the vegetable salad in the previous study [20] . Therefore, dietary fiber in the vegetable juice may be a potent ingredient for suppressing postprandial blood glucose elevation.
Another possible mechanism for the vegetable juice's suppressive effects is that constituents in the vegetable juice inhibited the digestion and absorption of carbohydrates. In this context, carbohydrates are digested and converted to disaccharides by amylase, which is present in saliva and pancreatic juice, and the disaccharides are further hydrolyzed and converted to glucose by glycosidases in the brush border membrane of the intestinal epithelium. Once it is converted in the intestinal epithelium, the glucose is absorbed by sodium-dependent glucose transporter 1 (SGLT 1). Thus, inhibitors of these enzymes may impair carbohydrate digestion and glucose absorption, and suppress postprandial blood glucose elevation. Furthermore, the vegetable juice from the present study contains organic acids, such as citric acid and malic acid, and these organic acids can suppress the activity of carbohydrate digestion enzymes, such as α-amylase and α-glucosidase [28] - [30] . Moreover, the vegetable juice contained polyphenols. Although the composition of polyphenols in the vegetable juice was not clear in this study, it might contain polyphenols as naringenin, chlorogenic acid, quercetin, and kaempferol because they are present in tomato (the major ingredient of the vegetable juice) [31] [32] . These polyphenols can suppress the activities of α-amylase and α-glucosidase [33] - [35] , and inhibit SGLT 1 [36] - [38] . Thus, it is possible that the organic acids and polyphenols in the vegetable juice may slow glucose absorption by suppressing the activities of α-amylase, α-glucosidase, and SGLT 1.
The present study revealed that vegetable juice suppressed the elevation of blood glucose levels among healthy young adults, although it is unclear whether this effect could be elicited in patients with diabetes. For example, patients with diabetes exhibit insulin resistance and impaired insulin secretion, and most Japanese cases of diabetes are characterized by decreased insulin secretion [39] . Therefore, given that the vegetable juice stimulated insulin secretion, it is possible that vegetable juice consumption may attenuate postprandial blood glucose elevation among Japanese patients with diabetes.
Conclusion
We found that drinking vegetable juice before or with a carbohydrate-based meal attenuated the elevation of postprandial blood glucose levels. Moreover, we found that drinking approximately 200 mL of vegetable juice at 30 min before eating was the most effective way to suppress the elevation of postprandial blood glucose levels. Although the mechanism for this suppression remains unclear, it is possible that the vegetable juice stimulated insulin secretion to decrease blood glucose levels. These results indicate that vegetable juice is a useful substitute for vegetables and a functional food for controlling postprandial blood glucose levels. Therefore, we believe that people can easily control postprandial blood glucose levels by introducing a vegetable juice into their diets, although additional research is needed to determine the precise mechanism(s) for this effect and to confirm whether these effects are elicited in patients with diabetes.
